INTRODUCTION
The aim of this study, as part of the SEAREX Program sponsored by the National Science Foundation [Duce, 1981] , is to determine atmospheric input fluxes of Pb from remote sources to the oceans by combining information concerning the natural input flux of 2•øpb to the oceans with measurements of lead and 2•øpb in rain. 2•øpb can be used as an analog of remote source lead at present because both are ultimately derived from gaseous sources on land. These nuclides differ in this respect from bomb-produced and cosmogenic nuclides precipitating to the earth's surface from the stratosphere and upper troposphere. 2•øpb (22 year halflife) is produced by the decay of 222Rn (3.8 day half-life) emanating from the ground (see Turekian et al. [1977] for a summary), whereas lead is now derived principally from smelter fumes and leaded gasoline exhausts [Settle and Patterson, 1980] , although soil dusts, volcano fumes, and sea spray also contribute relatively small natural amounts of lead to the atmosphere (see for a summary). In prehistoric times these latter natural sources were the only ones contributing lead to the atmosphere [Schaule and Patterson, 1981a , b] and deliverable to the oceans.
Our strategy is to measure lead and 2mpb concentrations in rain and air samples collected at various tropical and subtropical oceanic sites. At some locations a number of rain samples were collected over a period of a few days and at other locations only one rain sample was collected and analyzed. Using the best estimate of the pb/2•øpb ratio in precipitation at each site, we determine the precipitation flux of lead based on an independently determined 2mpb flux at or near each site.
METHODS AND RESULTS
The sites studied were Pigeon Key, Florida; Enewetak; American Samoa; a shipboard station near Tahiti; and a Copyright ¸ 1982 by the American Geophysical Union.
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0148-0227/82/001 C-1463501.00 shipboard station near Bermuda. Analytical methods for Pb and 2•øpb already have been described [Patterson and Settle, 1976; Turekian et al., 1973] . In addition to rain samples analyzed and discussed in this paper, samples of air pumped through filters, dry deposition, and seawater were also collected at some of these locations. The results obtained on most of these samples will be presented and discussed elsewhere, although a few of the immediately relevant data will be used in this paper.
Pigeon Key, Florida. Sampling was done at the University of Miami Florida Keys Environmental Field Station at Pigeon Key (24ø40'N, 81ø9'W) in May 1978. The rain collector was placed on top of a 9-m tower located south of highway U.S. 1, which runs through the Florida Keys. An automatic system monitored meteorological parameters: wind direction and speed, condensation nuclei, and temperature. Rain uncontaminated by the highway or by mainland Florida could be collected when the winds were from the south or east. The rain collector was a shallow funnel custom-made of conventional polyethylene, with a crosssectional area of 8000 cm 2. A 2-1 polyethylene collection bottle was force fitted onto the tip of the funnel and was protected from rain running down the outside of the funnel and bottle by a skirt welded into the underside of the funnel. The collector was wrapped in acid-cleaned polyethylene to protect it from contamination between events and during a collecting event was handled only by persons wearing polyethylene gloves. The collecting funnel was washed with ultra-pure 0.1% HNO3 (a better procedure, not used at Pigeon Key, is then to wash the acid off with ultra-pure water) immediately before a rain sample was collected. After each rain sample had been collected, the funnel was immediately rinsed with 1% HNO3, followed by a rinse with ultrapure water. Sampling was done in three modes: (1) for rain alone during a specific shower, (2) the funnel was deployed both during and between rains to collect a composite sample of both rain and some dry deposition that could be washed off by the rain, and (3) the funnel was exposed without rain to measure the total dry deposition flux. Five rain samples were collected and analyzed. An acid rinse of the funnel after 9.2 hours of exposure without rain was also analyzed.
These data are listed in [Patterson and Settle, 1976] , was rinsed with 0.1% HNO3, followed by an ultra-pure distilled water rinse immediately before the rain was collected. This latter step was introduced because it greatly reduced the collector blank. In a separate experiment with 2øspb tracer in simulated rain using this procedure it was found that a negligible (<5%) amount of lead was adsorbed by the collector. The ship tracked a squall and then headed into it so that the rain was uncontaminated by ship exhaust while the collector was hand held into the rain off the bow of the ship.
The rain was acidified in the container in which it was collected and analyzed for Pb and 2•øpb. These results are shown in Table 2 .
Enewetak. A series of rain samples was collected at
Enewetak (1 lø20'N, 162ø20'E) for Pb and 2mpb assay during the dry and wet periods of 1979. The collector was located on top of an 18-m tower that had been constructed on a small uninhabited island just north of Enewetak, at the most easterly edge of the atoll. An automated system for monitoring meteorological conditions was available. The winds were from the east 90% of the time and samples were collected only when winds were in a sector which presumably excluded contamination from leaded gasoline exhausts emitted on Enewetak.
The rain collector was the same one used at Pigeon Key (8000 cm2), and the procedure followed was the same as that followed aboard the R/V Endeavor near Bermuda. At Enewetak the collector, previously cleaned in a series of acid baths at CIT, was not used for dry deposition so that it was rinsed with 0.1% HNO3, followed by ultra-pure distilled water immediately before taking each rain sample, and was not rinsed with 1% HNO3 afterward. One sample was collected on May 16, 1979, during the dry season and three were collected in July and August of that year during the wet season. All samples were acidified in the collection bottle to a pH of 1-2. The analytical results for these rains are shown in Table 2 Therefore this sample was used to calculate the ratio. Analytical data for these samples are listed in Table 2 .
American Samoa. A rain sample was collected near the NOAA GMCC Station at Cape Matatula, an easternmost promontory on Tutuila Island (170ø34'W, 14ø16'S), for Pb and 2•øpb assay during the wet season in 1981. The collector was located on the top of a 14-m tower. The collection procedure was the same as that used at Enewetak. Attempts were made to collect rain from storms that approached the island within a sector ranging from the northeast to the southeast. Analytical results for this rain are given in Table   2 . Table 1 . These are 0.017 dpm 2mpb/h, 0.011 dpm 2mpo/h, and 510 ng Pb/h onto the collector (area = 8000 cm2). The 2mpo/2mpb activity ratio of 0.6 +-0.2 is close to equilibrium, which indicates that most of the 2mpb in dry deposition at this location and under these conditions did not originate from the decay of radon in the atmosphere. The deposition flux of lead at Pigeon Key of 1.5 ng/cm 2 day is about one-fifteenth that observed in urban Los Angeles [Huntzicker et al., 1975] . The Pigeon Key collection site was adjacent to a highway, and the wind was blowing from the highway toward the collector when the flux was measured.
DISCUSSION

Measurements of 21øpb and
The ng Pb/dpm 2•øpb ratio of 30,000 in the dry deposition sample is a hundred times higher than the ratio measured in rain formed in air masses traveling toward the collection site from the sea (= 274, sample 1, Table 1 ). The high pb/2•øpb ratio is characteristic of urban dusts contaminated with industrial lead, and it indicates that the source of lead is probably the adjacent highway. The rain samples collected in the funnel are of two kinds (Table 1) . Two samples were exposed only during the time when rain actually fell (only one of which was analyzed for both Pb and 2•øpb), and three samples (only two were analyzed for both Pb and 2•øpb) were exposed to dry deposition for varying lengths of time (hours) prior to and, in one sample after, the rain collection. We can attempt to correct for the dry deposition contribution to the mixed samples by subtracting out the dry flux estimates for Pb, 21øpb, and 2•øpo from Table 1 , if indeed these fluxes were constant over time. The correction is trivial for 2mpb and 2•øpo but can be quite significant for Pb.
The problem of the role of adsorption of Pb, 2mpb, and 2mpo by the funnel in affecting the concentrations of these nuclides in the collection bottle was addressed by using the collection made on May 20 (samples 5a and 5b) and information obtained on the May 21 dry deposition experiment (sample 6). The funnel had been exposed for 8 hours to dry deposition prior to a 20-min rain. The collected water (sample 5a) and an acid leach of the funnel (sample 5b) were both analyzed. The funnel leach showed significant amounts of Pb, 21øpb, and 2•øpo. This indicates incomplete transfer of these nuclides through the funnel.
As the 2•øpb and 2•øpo dry deposition fluxes were shown to be extremely small, any retention of these two nuclides by the funnel must be ascribed primarily to adsorption from the rain. We can evaluate the adsorption correction for the Pigeon Key sample by using the information from the May 20 (samples 5a and 5b) experiment. Over the 8 h 20 min of exposure a dry total 2•øpb accumulation of 0.14 dpm was deposited in the collector for the 8 hours when no rain fell, if we use the dry flux from sample 6. The total accumulation over that time was 10.1 dpm so that the dry deposition 2mpb is clearly a small fraction of the total 2mpb, although much more significant for lead because of the strong local source from the highway. The acid wash indicated that 1.26 dpm 21øpb was retained by the collector by adsorption during the transfer process. Therefore, -12% of the 21øpb collected was left behind during the transfer process. The acid-washed sample also shows a 2•øpo/2•øpb ratio higher than the total sample. This cannot be assigned to the dry fall-out component because of its very small contribution but rather is because 2•øpo is more easily adsorbed than 2•øpb on surfaces [Turekian and Nozaki, 1980] . The dry deposition and adsorption corrected concentrations for wet precipitation can be obtained by the experi- As the source of dry deposition aerosols is predominantly the local highway, it is not possible to correct unambiguously for the dry deposition flux of Pb during all the sampling periods at this station by using the measured flux over any one period, since wind direction strongly influences that flux. Without a sure value for the dry deposition flux, it is not possible to determine accurately the concentration of Pb in rain in regions impacted by automobile traffic such as this. This was possible, however, for the May 20 samples 5a and 5b because the dry deposition experiment (sample 6) followed soon after, when the wind direction remained the same.
Only the May 18 (sample 1) rain can be used to determine the pb/2•øpb ratio in upper air coming from a seaward direction because it was collected when the wind came from the ESE and the collection interval was so brief the dry deposition collection was negligible. If we assume that no lead was adsorbed from the rain by the funnel and that 12% of the 2•øpb was adsorbed, the pb/2•øpb ratio is 250. An estimate of the pb/2•øpb ratio of the May 20 rain, which was from the NE direction, can be made on the basis of the calculations discussed above. The resultant value is 900 ng Pb/dpm 2•øpb. As this is air from a NE direction it is obviously from a more lead-rich continental region (probably the Miami area).
The mean annual rainfall at Key West is about 100 cm. If the 2•øpb 'concentration in this rain was the same as the average concentration for all rains in Table 1, It is difficult to measure the remotely derived lead precipitation flux directly. To avoid contamination effects from local lead emissions, the number of meteorologically permissive sampling events must be greatly restricted. Since these restrictions do not apply to 21øpb, it is best to determine the ng Pb/dpm 21øpb ratio in precipitation during meteorological- 
